HREE pyridazinone derivatives of the type 4,5-dihydropyridazin-3(2H)-ones, N-(4-(6-oxo-5-((5-phenyl-1,3,4-thiadiazol-2-yl)amino) -1,4,5,6 -tetrahydropyridazin -3-yl) phenyl) acetamide (4a), 6-(4-chlorophenyl)-4-((5-phenyl-1,3,4-thiadiazol-2-yl)amino)-4,5-di-hydropyridazin-3 (2H)-one (4b) and 6-(4-bromophenyl) -4-((5-phenyl-1,3,4-thiadiazol-2-yl) amino)-4,5-dihydropyridazin-3(2H)-one (4c) were synthesized. They were characterized by the conventional tools of analysis, Elemental analysis, IR and 1 H-NM R spectroscopy. The tools of analysis confirmed the structure of the three prepared compounds. These heterocyclic compounds are chemically stable and possess multi actions for base oil improvement. They are tested as antioxidants for local base oil through the change in total acid number (TAN). They gave good results as antioxidants for base oil. Also these three synthesized compounds are tested as corrosion inhibitors for carbon steel in acid medium. The efficiency order for these tested compounds is ranked as follows: 4a > 4b > 4c. Energy of the highest occupied molecular orbital (E HOMO ) and lowest unoccupied molecular orbital (E LUMO ) for the three prepared compounds were calculated via the Ab initio method. Studying of the quantum chemical calculations of the synthesized compounds showed good matching with the experimental results.
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Lubricating oils are subjected to deterioration by oxidation at high temperatures [1] . Antio xidants are the main additives that protect the lubricant fro m o xidative degradation, and be allowing the oil to meet the challenging supplies for use in industrial applications [2] . In order to see the technical economic and environmental requirements, sulfur and phosphorus content are used in the design of lubricating oil with lo w concentration [3, 4] . The co mpact structure of heterocyclic co mpounds, lead to possess antioxidant, anticorrosion and anti-wear properties [5] [6] [7] . So me functionalized imidazo les and 1,2,4-t riazoles are tested as antioxidant additives for industrial lubricating oils [8] . The results explained, T based on correlating the electron donating and withdrawing abilities of the substituents with the oxidation stability.
Otherwise, the aroyl-prop-2-enoic acids have two electrophilic reactions sites. The reactivity of them toward aro matic hydrocarbon, (under Friedel -Crafts condition), and nitrogen nucleophiles, (under Michael addition) were investigated [9] [10] [11] [12] . Because of the stability of the intermediate carbocation they behave as α,β-unsaturated carbonyl rather than α,β -unsaturated acid. The azaMichael adducts are considered as α-amino acids. They have recognized to show a significant ro le in the synthesis of novel drug applicants [13] [14] [15] [16] [17] [18] [19] . Synthesis of unnatural amino acids is found out cost effective and less time consuming synthetic routes. From this point of view the authors have made an attempt to investigate the reaction of 4-aryl-4-o xo-but-2-enoic acids with 2-amino-1,3,4-thiadiazo le, under aza -Michael reaction conditions, which produced adducts as α-amino acid types with acetic anhydride at different conditions and N 2 H 4 to give the corresponding furanone, imidazol [2,3-b] 1,3,4-thiad iazo le, 1,3,4-thiadiazo lopyrimidines and pyridazin-one derivatives, respectively. The 2-(3H) furanone compounds showed important activities as antio xidants. Beside, they are active as antifungal, antibacterial, antiv iral, anti-inflammatory, vasodilation, and anticonvulsant [20] [21] [22] [23] [24] [25] . Pyridazinone derivatives incorporated with diazole mo ieties that exhib it b iological activ ity agents, (Emo rfazone and related compounds) [26] , for therapeutic intervention of renal urologic [27] , respiratory (NIP-502) [28] and dermatolog ic diseases (FR-1818177) [29] and pyridazinone, (PDE inhibitor developers) [30] . The design of newly prepared co mpounds based on the structure containing other biological actives heterocycles on the side chains [31] . In our work we used the prepared compounds as antioxidants and corrosion inhibitors for base oil improvement.
Experimental

Preparation of additives
All melting points are appro ximately correcteded and were determined on a Stuart electric melting point apparatus. Elemental analysis was carried out at the Micro analytical Centre, National Research Centre, Giza, Egypt, by El Germany Viro El M icroanalysis, IR spectra (KBr) were recorded on infrared spectrometer FT-IR 400D using OMNIC program and are reported frequency of absorptions in terms of cm -1 and 1 H-NM R spectra recorded on a Bruker spectro photometer at 400 M Hz using TMS as internal standard and with residual signals of the deuterated solvent = 7.26 ppm fo r CDCl 3 and 2.51 pp m for DM SO-d 6 .
13 C-NM R spectra were recorded on the same spectrometer at 125 MHz MHz and referenced to solvent signals = 77 pp m for CDCl 3 and 39.50 ppm for DMSO-d 6 . DEPT 135 NM R spectroscopy were used where appropriate to aid the assignment of signals in the 1 H and 13 C-NM R spectra. The mass spectra were recorded on Shimad zu GCMS-QP-1000 EX mass spectrometer at 70 e.v. using the electron ionizat ion technique Homogeneity of all co mpounds synthesized was checked by TLC.
Synthesis of the adducts
A solution of 4-ary l-4-o xo -2-butenoic acids (0.01 mo l.) and 5-aryl-2-amino-1,3,4-thiad iazo le (0.016 mo l.) in 30 ml ethanol was reflu xed for 3 h. The crude product was washed by petroleum ether (40 -60 o C), and then crystallized fro m the proper solvent to give the following compounds: 
Synthesis of furanones 2 and imidazothiadiazole derivatives 3
A mixtu re of 1a-c (0.005 mol.) and acetic anhydride (9.4 mL) was heated under reflu x for 1 h upon water bath. The solid that sep arated, on cooling, was fractional crystallized fro m petroleu m ether (80-100 o C) afforded imidazothiadiazoles 3 and from dioxane afforded the furanone derivatives 2.
2-(5-Acetylaminophenyl-2-oxo-furan-3-yl)amino-5-phenyl-1,3,4-thiadiazole (2a)
Yield 50%, m.p. 
2-(5-Bromophenyl-2-oxo-furan-3-yl)amino-5-phenyl-1,3,4-thiadiazole (2c)
Yield
5-(4-Acetylaminobenzoylmethyl) -2-phenyl-4 -oxoimidazolo
Synthesis of pyridazinone derivatives (4a-c).
An equimolar mixture of 1a-c or 2a -c and hydrazine hydrate was reflu xed in ethanol for 3 h and the solid separated out was filtered off, dried and crystallized from absolute ethanol.
N-(4-(6-oxo-5-((5-phenyl-1,3,4-thiadiazol-2-yl)amino)-1,4,5,6-tetrahydropyridazin-3-yl) phenyl)acetamide (4a)
Yield 75 
6-(4-Bromophenyl) -4-((5-phenyl -1,3,4 -thiadiazol -2-yl) amino)-4,5 dihydropyridazin-3(2 H)-one (4c)
Yield 70 
Electrochemical measurements
Electrochemical measurements are performed with a tradit ional threeelectrode cell using Vo lta lab 40 (Tacussel-Radio meter PGZ402) potentiostat controlled by Tacussel corrosion analysis software (model: Vo ltamaster 4) under static condition. All experiments are perfo rmed at 25 o C. Potentiodynamic polarization measurements have been achieved by changing the electrode from _ 700 to _ 400 mV versus SCE. The inhibition efficiency percentage (η p %) was calculated using the following equations:
where I o and I are the corrosion current densities in the absence and presence of the inhibitor, respectively.
Results and Discussion
Chemistry
The authors reported the behavior of 4-aryl-4-o xo-but-2-enoic acids (1) that were permitted to react with novel nitrogen nucleophile e.g. 2-amino-5-phenyl-1,3,4-thiad iazo le in boiling ethanol (neutral mediu m) afforded the aza-M ichael products 4-(4-acetylamino/chloro/bromophenyl)-2-(5-phenyl-1,3,4thiadiazo l-2-yl) amino-4-o xo-butan-oic acids (1). The 2-aminothiadiazole derivative could be synthesized fro m treat ment of aro matic acid with thiosemicarbazide in the presence of POCl 3 under reflux 0.5h (Scheme 1).
S cheme 1.
The recent efforts made for the development of new ascorbic acid analogues in obtaining antio xidant [16] [17] [18] [19] [20] , antitu mor [21] agents have resulted 2(3H)-furanones as a new anti-inflammatory and antio xidant agents [20] . So me 3,5-diaryl-2(3H)furanone possess significant anti-inflammatory and antio xidant activities. So, the current work describes the synthesis of 2(3H)-furanone with expected anti-antio xidant activ ity [2, 5] yielded the corresponding furanone 2 that is confirmed chemically by interaction with hydrazine hydrate to affo rd the corresponding pyridazinone 4 (Scheme 2). Moreover, the another product could be isolated imidazo lo [2,1-b]1,3,4-thiad iazole derivative. There may be a competitive reaction in dehydration followed by cyclization via route [i] carboxy lic group within enol of the aroyl group afford ing the foranone 2 and/or via route[ii] carbo xy lic g roup within imino of the thioguanidino group affording imidazolothiadiazole derivative 3(Scheme 2).
When the acids 1 and their furanone were submitted to react with hydrazine hydrate in boiling ethanol, afforded pyridazin-3-(2H)one 4 (Scheme 3). It's well-known and found out the important the 6-ary l pyridazin-3(2H)-one in med icinal fields [22] [23] [24] [25] [26] [27] [28] . The newly route apply and study the target compounds in petro chemistry as antioxidant, and anti-corrosion additives. In addition to study some characterization of substituent group effect upon the active site of pyridazinone nucleus (Scheme 3).
S cheme 2.
S cheme 3 . 
Estimation of the synthesized compounds (4a-c) as antioxidants for base stock Effect of compounds 4a-c on Total Acid Number (TAN) on base stock
The oxidation process of engine lubricants progressed by two mechanisms, namely oxidation and thermal deco mposition. Mineral oil is very complex in nature due to the presence of large range of mo lecular types and functional groups. This complex structure makes the oxidation reactions extremely hard to understand. The test is carried out at 24, 48, 72 and 96 hours. The results showed that the oxidative products (acidic, ketonic and alcoholic co mpounds) increased with time. Therefore, in the absence of antio xidants, the TAN values of the base stock increased fro m 0.07 mg KOH/g to 2.02 mg KOH/g after 96. Also viscosity increased fro m 52.38 to 77.71 cSt, at 40 o C (Table 3) . Consequently, after adding the prepared antioxidants the efficiency of them as inhibitors is studied. 
Effect of additives concentration on TAN values
Three concentrations (200, 400, and 500 ppm) of each prepared antioxidant were added to the blank sample.
The results obtained in Table 4 
Effect of electron donating and withdrawing groups
As it is clear from Scheme 3, the data shown in Table 4 , we noticed that the most effective substituted groups are shown with donating group (4a) than withdrawing groups ( 4b and 4c) This may be attributed to the electron donating nature group (4a) that facilitates the break of the hydrogen -bonded to the nitrogen to produce a stable free radical but in case of electron withdrawing groups(4b,4c) that may increase the difficulty of the N-H bond breaking whereby it has a much lower oxidation stability. The data showed in Fig. 1, 2 and 3 represented the correlat ion between the oxidation periods and TAN of b lank sample without and with additive concentrations of 200, 400 and 500 pp m, for co mpounds 4a, 4b and 4c, respectively. The order of increasing inhibit ion efficiency is ranked as follows: 4a > 4b > 4c > blan k. Thence, increasing the additive concentration from 200 to 500 pp m lead to an increase in the TAN values. This may be attributed to high sulphur percent which retard the inhibition efficiency [32] . 
Effect of antioxidants on viscosity of blank sample
The most important physical properties for the categorization of base stock is Viscosity. As the oxidative products increased lead to the format ion of sludge and other higher molecular weight compounds so causing the increasing in viscosity. The data shown in Table 3 obtained that the viscosity of the blank sample increased fro m 52.38 up to 77.71 cSt after o xidation for 24 to 96 hours. The data of the viscosity values are tabulated in Table 5 and graphically represented in Fig. 4 -6 , the results of the viscosities are g iven after o xidation time intervals for (24, 48, 72 and 96 hours). The viscosity decreased by increasing the additive concentration from 200 ppm up to 500 pp m. A mong the three base compounds (4a, 4b and 4c), the order of these compounds towards decreasing viscosity is ranked as follows 4a > 4b > 4c.
Correlation of the antioxidants activity with their structures
The program Ab in itio (HF/3-21G) can be used for correlat ion between the structure of the p repared co mpounds and their antio xidant activ ity . The more values of the E HOMO simp lify adsorption and then restraint by the effect of transported process through the adsorbed layer . Low energy gap (∆E) gives good antioxidant efficiencies . The results of the calculations, for the synthesized compounds 4a,4b and 4c are given in Table 6 . The results obtained by Ab initio HF/3-21G method showed that (4a; ∆E = 4.963), (4b; ∆E = 5.304), ( 4c; ∆E = 5.344). According to these values, the efficiency order is as follows 4a > 4b > 4c. The HF/3-21G calculations agreed with the experimental data. 
Evaluation of the synthesized compounds as corrosion inhibitors for carbon steel in acid medium
Potentiodynamic polarization measurements are performed for carbon steel immersed in 1 M HCl in absence and presence of the synthesized compounds to evaluate their effectiveness as corrosion inhibitors. From Table 7 and Fig. 7 , the efficiency order of these compounds towards corrosion inhibition is ranked as follows: 4a > 4b > 4c with value 76.1 > 68.8 > 56.0%, respectively and the Data reveal the following: 1-Addition of any of the three compounds resulted in a significant reduction in the corrosion current density (I corr ) in comparison to that measured in the blank acid solution. On increasing the concentration of these inhibitors, I corr decreases continuously indicating that their molecules adsorb on Carbon steel surface forming a physical barrier against the corrosion attack via blocking the active sites on the steel surface [33] .
The maximu m d isplacement in E corr measured in the presence of corrosion inhibitors , with respect to that measured in the blank acid solution, is +99, +46, +31 mV for 4a, 4b and 4c, respectively. According to Riggs [34] an inhibitor can be classified as anodic or cathodic-type inhibitor if the E corr displacement is at least ±85 mV relat ive to the value of E corr measured for the blan k solution. Therefore, 4a can act as anodic-type inhibitor while 4b and 4c act as mixed-type inhibitors with major effect iveness on anodic reactions. This behavior supports the adsorption of inhibitor onto the metal surface and caused a barrier effect for mass and charge transfer of anodic and cathodic reactions [35] . 
Conclusion
The newly prepared co mpounds were examined as antio xidant and anticorrosion the compounds 4a, 4b (high E HOMO ) were showed high antio xidant activities and anticorrosion. There are relat ionships between anticorrosion and antioxidant agents from point of view quantum chemical parameter. Increasing in the E HOMO values refer to high antioxidant activity that was identical to identical to the experimental results.
